A 21-year-old man was admitted to our hospital for acute chest pain and dyspnea. On arrival, his blood pressure was 110/40 mmHg and heart rate was 112 beats/min. In the arterial blood gas analysis, pH was 7.43, PaCO2 was 31 mmHg, and PaO2 was 92 mmHg under 10 L/min oxygen inhalation. In the blood tests, blood cell count and renal functions were normal, but lactate dehydrogenase and C-reactive protein levels were high at 590 IU/L and 3.7 mg/dl, respectively. Of the coagulation values, the d-dimer level was high (13.7 μg/ml), and ATIII activity was slightly low (60%), but the activities of protein C and protein S were normal. Plain chest X-ray showed mild pulmonary artery dilatation. Ultrasonic cardiogram (UCG) showed right ventricle overload and pulmonary hypertension (estimated systolic pulmonary artery pressure 60 mmHg). We suspected pulmonary embolism (PE), and performed contrast computed tomography (CT), which revealed massive thrombi in both pulmonary arteries ( Figure 1A ). Bilateral perfusion defects were found on perfusion scintigraphy of the lung ( Figure 1B) , and we diagnosed PE. In addition, abdominal CT showed a retroperitoneal tumor approximately 10×5 cm (Figure 2A) . The inferior vena cava (IVC) was obstructed by the tumor and thrombus existed in the right common iliac vein. We started thrombolysis (urokinase 240,000 U/day for 5 days) followed by heparinization (48,000 U/day). We controlled the APTT at 60-80 s. Under this therapy, his oxygen saturation and symptoms improved each day and on the 3 rd day, arterial blood gas analysis showed that pH was 7.43, PaCO2 was 40 mmHg, and PaO2 was 88 mmHg under room air. The pulmonary artery pressure had also decreased on UCG (estimated systolic pulmonary artery Japan. E-mail: natsuaki@saiseikai-hp.chuo.fukuoka.jp All rights are reserved to the Japanese Circulation Society. For permissions, please e-mail: cj@j-circ.or.jp
Recurrence of Pulmonary Embolism in Young Man With Retroperitoneal Tumor Despite Insertion of Temporary IVC Filter
Masahiro Natsuaki, MD; Kotaro Numaguchi, MD; Hideo Tada, MD*; Yuichiro Nakashima, MD**; Masanori Okabe, MD; Yusuke Yamamoto, MD Pulmonary embolism (PE) is a fatal disease that is very rare in young people. A 21-year-old man developed PE because of a retroperitoneal tumor. The inferior vena cava (IVC) was obstructed by the tumor, and thrombus existed in the right common iliac vein. Thrombolysis and heparinization improved his symptoms prior to urgent tumor resection. A temporary IVC filter was inserted the day before the operation, but 8 h later fatal massive PE occurred. At autopsy, the retroperitoneal tumor was revealed as a metastatic choriocarcinoma. Prophylactic use of a temporary IVC filter might have paradoxically induced recurrence of massive PE in this case. pressure 20 mmHg on the 6 th day). Because it was suspected that the tumor had invaded the abdominal aorta and IVC, tumor resection was urgent and he was transferred to the university hospital on the 6 th day.
Heparinization was continued and the d-dimer level decreased daily (5.2 μg/ml on the 7 th day). The operation was planned for the 8 th day, and the surgeon requested a temporary IVC filter to avoid perioperative PE. The day before surgery, a filter (Neuhaus Protect™, Toray Industries Inc, Tokyo, Japan) was inserted from the jugular vein and put it in the proximal IVC near the right atrium (Figure 3) instead of below the renal vein as is usual, because of the retroperitoneal tumor. The 8 h later, the patient's blood pressure suddenly dropped, and he fell into shock. Emergency UCG showed a huge thrombus in the right atrium and collapse of the left ventricle (Figure 4) . Although heparinization had continued after the IVC filter insertion (APTT 82.9 s, platelet count 188,000/ μl at the time of developing shock), it appeared that a new thrombus had been produced on the filter itself. He died shortly after, despite attempts at resuscitation. 
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Significant thrombus on the filter was not found at the time of autopsy. Multiple organized and fresh thrombi were detected within the proximal and distal sections of both pulmonary arteries. Organized thrombi were also found in the right iliac vein. Venous thrombus in the proximal IVC was not located, nor was there thrombus in the jugular vein at the site of insertion of the IVC filter. There was a serous pericardial effusion (45 ml). Histological findings showed that the retroperitoneal tumor was a choriocarcinoma. There was evidence of invasion of the external surfaces of the abdominal aorta ( Figure 2C ) and IVC (Figure 2D ), but none of invasion of the internal surfaces. We found intratubular malignant germ cells in the right testis, which is the so-called "burn out" tumor. From these findings, we diagnosed the retroperitoneal tumor as a metastatic choriocarcinoma from the right testis to the retroperitoneal lymph node. The retroperitoneal tumor had oppressed the IVC, resulting in PE, and furthermore, it was considered that the temporary IVC filter might have paradoxically caused recurrence of massive PE in this case.
Discussion
An IVC thrombus is generally produced by external compression, by a tumor or hematoma, a dysfunctional coagulation system, iatrogenic causes and so on. Renal cell carcinoma is the most common cause, 1 but germ cell tumor, retroperitoneal leiomyosarcoma, adrenal cortical carcinoma, renal angiomyolipoma, and hepatic hemangioma have been reported as other causes. [2] [3] [4] [5] [6] [7] In this case, a germ cell tumor was associated with IVC thrombosis. Germ cell tumor is the most frequent malignancy in men aged 18-35 years. The majority of germ cell tumors present with only a testicular abnormality (approximately 50-70%), 20-30% present with metastatic disease and 2-5% with an extragonadal primary tumor. The most common sites of metastasis of a testicular germ cell tumor are the retroperitoneal lymph nodes, and IVC obstruction has been reported as a complication of metastatic testicular or primary retroperitoneal germ cell tumor. [8] [9] [10] [11] Bass et al reported that approximately 10% of patients with metastatic germ cell tumors had IVC obstruction, and right-side testicular primary tumors and abdominal masses measuring >5 cm in maximum transverse dimension have the greatest risk of IVC obstruction. 12 Therefore, the present patient had a high risk of IVC obstruction.
A temporary IVC filter is often used to avoid perioperative recurrence of PE, 13 but filter-related complications sometimes occur 14 and PE is an important one. 15 Thrombosis may occur at the insertion site or the site of the filter itself. Lorch et al reported a recurrence rate of PE after insertion of temporary IVC filter as 2.1%. 16 In this case, the patient had a recurrence of massive PE 8 h after insertion of a temporary IVC filter and suddenly died.
When we consider the cause of the recurrent PE in this case, the site of insertion of the IVC filter could be 1 reason for it. Because the tumor existed at the level of the renal vein, the site of the filter was relatively high (near the right atrium) and IVC flow might have been reduced by the tumor. These 2 factors might have influenced the formation of a thrombus on the filter itself and because the filter was located near the right atrium, the thrombus would tend to protrude into the cavity and become huge, resulting in fatal PE.
The timing of the operation may have been another cause of the recurrent PE. In the acute phase of PE, the blood coagulation system is often unstable and some tissue factors from the tumor can also induce hypercoagulation. We required a large amount of heparin to prolong the APTT (48,000 U/day), which may indicate a hypercoagulative state induced by tumor-related tissue factors and which could have influenced the formation of a thrombus on the filter. Because tumor invasion was suspected, surgery was considered to be urgent and if we could have delayed it, recurrence of PE might have been avoided.
The IVC filter is usually placed below the renal vein. If this cannot be achieved, the possibility of iatrogenic PE must be considered. Also, operation in the acute phase of PE should be avoided if at all possible.
